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ABSTRACT

Sodium benzoate has been used a food preservative worldwide. The effect of sodium benzoate as a preservative
in the wastewater treatment was examined from the biogas formation viewpoint. The research was conducted in
batch mode reactor systems employing various ratios of activated sludge and solution of sodium benzoate volume.
The MLSS of activated sludge used was 12 g/L, while the volume ratios of activated sludge and sodium benzoate
ranged from 0 to 100%. The concentrations of sodium benzoate used were 50, 100, and 200 mg/L. The biogas
samples were measured every two days for 60 days. The results showed that the volume ratio of activated sludge
and sodium benzoate of 60% and 40% was a turning point where the existence of sodium benzoate influenced the
formation of biogas. There were significant reductions of biogas formation from 200.6 mL to 66.6 mL, 159.8 mL
to 66.0 mL and 130.2 mL to 54.0 mL for the initial SB concentrations of 50, 100, and 200 mg/L. The kinetic pa-

rameters of the Modified Gompertz equation exhibited the greatest degree of confidence equal to 95%.
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INTRODUCTION

Fresh product consumption has been in-
creased in order to meet the consumer’s demand
of the healthy food. Unfortunately, the freshness
and safety of fresh food product is strongly in-
fluenced by their microbial sensitivity to patho-
genic bacteria (Chen et al., 2019). The effort to
prevent food from deterioration can be conducted
through several technologies, one of the ways is
by the addition of food preservatives. The objec-
tive of the introduction of preservative substances
is not only to eliminate the microbial activities to
damage the food nutrients, but also to extend the
life period of the food (Arias et al., 2019). Basi-
cally, the preservative agents inhibit the yeast and
mold growth. The most commonly applied pre-
servative agents in the food products are benzoic
and sorbic acids and their salts of sodium, potas-
sium and calcium (Piper and Piper, 2017). These
preservatives are effective against the growth
of a wide range of bacteria (Tfouni and Toledo,
2002a). Beside these substances, another group
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applied as a preservative agent of food product
and also pharmaceuticals are parabens. Parabens
are substances of p-hydroxybenzoic acid, with
alkyl substituents ranging from methyl to pentyl
or benzyl groups. The application of parabens
as a preservative is popular because they are ef-
fective in inhibiting the activity of a wide broad
spectrum of yeasts, molds and bacteria, chemi-
cal stability, having low production cost and no
perceptible odor or taste (Btgdzka et al., 2014).
However, a disadvantage of using these chemi-
cal substances as preservative has been reported,
at low doses. Benzoates trigger allergic reaction
in some groups of humans (Jacob et al., 2016).
Due to these disadvantages, the amount of ben-
zoates and sorbates addition salts as simple pre-
servatives which consumed by world population
must be considered to prevent the adverse effects
(Piper and Piper, 2017).

Sodium benzoate (SB) is widely used in food
products, especially as complement food/season-
ing such as: chili sauce, ketchup, tomato sauce,
carbonated drinks, etc. (Sumantri et al., 2015)
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and is classified as generally recognized as safe
(GRAS) by FDA (Shahmohammadi et al., 2016).
The allowable limit of the SB application as pre-
servative in the food products may differ from one
country another. The Indonesian government de-
clares the allowable limit is 1000 ppm and is the
same amount to FDA (Noorafshan et al., 2014).
Dixit et al. (2008) reported that a concentration of
SB as high as 2119 mg/kg, exposed serious health
risks to human. Previous studies to investigate
the effects of SB using cells and animal models
resulted in the linkage to the prevalence of urti-
cana (Rajan et al., 2014), angiosderma (Nettis et
al., 2004), asthma (Freedman, 1977), childhood
hyperactivity (Egger et al., 1985), and other be-
havioral disorders [Beezhold et al., 2014; Nooraf-
shan et al., 2014], cytostaticity [Mpountoukas et
al., 2008], and genotoxicity [Pongsavee, 2015].

The aim of the research was to investigate
the effect of various concentration ratios of SB
and MLSS to the biogas production. Hitherto, the
kinetic modeling of the biogas production from
the degradation of SB in the activated sludge has
not been reported yet. The kinetic model for rate
of biogas production was conducted by means of
a modified Gompertz equation. In this work, the
production of biogas in batch anaerobic process
was designed by various volume ratios of SB and
MLSS concentration during 60 days digestion
time in a series of 2 L polyethylene bottles and
operated at room temperature (Budiyono et al.,
2013). The data obtained from the experiments
were applied to create the kinetic model of biogas
production of SB degradation. Previous research-
ers conducted similar experiments in batch an-
aerobic process and operated at room temperature
with glass bottles volume of 400 mL, 500 mL and
2,5 L (Yusuf and Ify, 2011).

MATERIAL AND METHODS

Materials

Sodium Benzoate (> 98% purity) product of
Sigma-Aldrich Corp was used as a preservative,
sodium hydroxide and hydrochloric acid for con-
trolling the pH were obtained from a chemical
store. Sucrose was obtained from food store and
activated sludge was the centralized wastewater
treatment of tofu small-scale industry of Lamper
Tengah, Semarang, Central Java, Indonesia.

Acclimatization of activated sludge

The anaerobic sludge utilized in this research
was obtained from the Centralized Wastewater
Treatment Plant of small-scale tofu industries at
Lamper Tengah, Semarang Municipality. Sludge
was taken by water sampler in the middle of
anaerobic baffled reactor. Then, the sludge was
concentrated by separating the water content un-
til achieved the solid concentration of 12 g/L.
The pH of sludge was set up at 7.0-7.5 by the
addition of aqueous solution of sodium hydrox-
ide or hydrochloric acid. The sludge was accli-
mated by 5 g/L addition of sucrose performed
every day for 60 days.

Experimental set up

A series of 2 L volume polyethylene bottles
were used as anaerobic digesters. These bottles
were plugged with a rubber plug and hermetically
equipped with a valve to measure the biogas pro-
duction. The system of the anaerobic digesters
was designed for a batch system and operated at
room temperature. The production of biogas dur-
ing the digestion was measured using the water
displacement method which also has been used
by previous researchers (Syaichurrozi et al.,
2013). In order to measure the biogas production,
each of the digesters was connected to a gas col-
lector to reserve gradual cylindrical glass. The
connection of the digester and cylindrical glass
was facilitated by a connecting plastic tube. The
gas collector was immersed in water in order to
complete sealing. The biogas produced from the
digestion process was collected by reading of the
downward displacement of water.

Experimental design

The batch system comprising 2 L volume
polyethylene bottles was employed for the anaer-
obic digestion. The composition of the substrate
in the system was composed with various mixture
of the activated sludge and aqueous SB solution.
The composition of the mixture was based on the
proportional volume of the activated sludge and
SB solution of 0%, 20%, 40%, 60%, 80% and
100% of the activated sludge. The pH condition
of 7.0 for the mixture was set up by addition of
2 N NaOH solution. A technical grade of NaOH
crystal was used to prepare the NaOH solution.
The design of experiments can be seen in Table 1.
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Table 1. Variation of activated sludge and SB solution (MLSS activated sludge: 12,000 mg/L)

% Activated sludge : SB solution Concentration of SB solution
Activated sludge SB solution mg/L

0% 100%

20% 80%

40% 60%

0% 20% 50, 100, 200

80% 20%
100% 0%

Experimental procedures

The design of degradation during the diges-
tion process was conducted for the retention time
of 60 days. This degradation time was suggested
from the literature of biogas production (Patil et
al., 2012). The biogas production was measured
every two days to quantify the biogas production
using water displacement method. Each digester
was mixed manually for one minute once a day.

Kinetic model of biogas production

The kinetics of biogas production applied in
this research was a modified Gompertz equation
(Syaichurrozi et al., 2013), which assumed that
there is correlation of the biogas production ki-
netics in batch system of the specific growth of
methanogenic bacteria in the batch system (Yusuf
et al., 2011). The modified Gompertz equation
can be expressed using the following equation:

y()=A. exp {— exp [% (k-t)ﬂ] } (1)

where: y(t) is cumulative of specific biogas pro-
duction (mL),
A is biogas production potential (mL),
i is maximum biogas production rate
(mL),
A is lag phase period or minimum time
to produce biogas (days), t is cumulative
time for biogas production (days) and e is
a mathematical constant (2.718282). The
kinetics constants of A, p, and A were de-
termined through a non-linear regression
(Budiyono et al., 2010).

RESULTS AND DISCUSSIONS

Biogas production

The condition of parameter of experiments in
Table 1 was converted into Table 2 in order to in-
dicate the concentration of activated sludge and or-
ganic load of SB, and also the total volume of bio-
gas production. The sludge concentration can be
calculated from the percentage of activated sludge

Table 2. Calculation of sludge concentration, organic load of SB, and cumulative biogas production for digestion

time of 60 days
Activated sludge SB solution Initial concentration of SB (mg/L)
Sludge 50 | 100 | 200
VOI‘Zome V(()rlrl]JC;e vol?me V(()rl:f;e ((’;'/?ngr;t(rr?]tg;ﬂ) — Organ.ic load of SB (moglfL) ang Igi;gsas volume (mL)Blogas
(mg/L) | Biogas (mL) (ma/L) (ml) OL (mg/L) (ml)
0 0 100 2000 0 50 0 100 0 200 0
20 400 80 1600 2400 40 48,6 80 37.4 160 38.6
40 800 60 1200 4800 30 66,6 60 66.0 120 54.0
60 1200 40 800 7200 20 200,6 40 159.8 80 130.2
80 1600 20 400 9600 10 355.4 20 342.2 40 321.0
100 2000 0 0 12000 0 394.2 0 394.2 0 394.2

Organic load: Vg, x C/V where: V.. volume of sodium benzoate added (mL); C: concentration of sodium

benzoate (mg/L) and V_: total volume (2000 mL).
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Figure 1. Total biogas production for various organic load and
concentrations of SB for time of digestion of 60 days.

in every stage of variable and organic load was cal-
culated of QC/V where Q is volume of SB solu-
tion, C 1is the SB concentration in solution, and V is
total volume. Total accumulation of the biogas pro-
duction, was based on the experimental variables.
The daily and cumulative of biogas production for
all variables can be indicated in Figure 2.

The total cumulative biogas production
for each variable of experiment can be seen in
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Figure 1 for the initial SB solution of 0, 100,
and 200 mg/L, respectively. The production of
the biogas indicated that degradation of the or-
ganic substances occurred through four step
processes (hydrolysis, acidogenesis, acetogen-
esis and methanogenesis). Increasing the organic
load decreased the biogas production, with the
increase of organic load the gradient of the line
would be flatter. It showed that the slope of initial

—t— 0 mg/L
—i— 2400 mg/L
== 4800 mg/L

7200 mg/L
—fe— 9600 mg/L
—@— 12000 mg/L
40 50 60

—t— 0 mg/L
—i— 2400 mg/L
=g 4800 mg/L

7200 mg/L
—t— 9600 Mg/L
=@ 12000 mg/L
40 50 60

—e— 0 mg/L
—@— 2400 mg/L
—i— 4800 mg/L
7200 mg/L
—— 9600 mg/L
—@— 12000 mg/L

40 50 60

Figure 2. (a) Cumulative of biogas production with the initial SB concentration of 50 mg/L and MLSS
concentration (0 — 12,000 mg/L); (b) of 100 mg/L and MLSS concentration (0 — 12,000 mg/L); (c) of 200 mg/L
and MLSS concentration (0 — 12,000 mg/L)
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Figure 3. (a) Comparison of experimental data and a modified Gompertz model for the initial SB concentration
of 50 mg/L with MLSS of 2,400 mg/L; (b) with MLSS of 4,800 mg/L; (c¢) with MLSS of 7,200 mg/L; (d) with
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concentration of SB of 50 mg/L was steeper than
100 mg/L and 200 mg/L, and also the slope of the
100 mg/L was greater than 200 mg/L.

Increasing the organic load of SB showed an
increase of the SB concentration and less acti-
vated sludge. At the organic load of SB equal to
zero, which indicated that there was no SB in the
system and only activated sludge resulted the bio-
gas production of 394.2 mL. Meanwhile, for the
system with no activated sludge, was no biogas
production was obtained and it can be seen from
the organic load of SB of 50, 100, and 200 mg/L
respectively. The production of biogas during the
digestion process resulted from an ability of the
microbes in the activated sludge to degrade SB.
When there was no activated sludge, only a solu-
tion of SB in the system, no biogas formation oc-
curred due to the properties of SB as preservative
agent reducing or eliminating the microbial activ-
ity (Chen et al., 2019). Hence, the biogas produc-
tion was zero. Otherwise, for zero SB and only
activated sludge in the system, biogas was pro-
duced in maximum, which was due to the activat-
ed sludge did not interfere in the degradation of
the remaining organic compound in the solution.

In the anaerobic batch process condition, the
quantity of activated sludge in the system plays
an important role in the degradation of SB. Un-
der the anaerobic condition, the SB degradation
takes place under the reductive condition to form
completed degradation to the path of ring fission
and acetogenesis, and methanogenesis (benzo-
ate — 3 acetate + CO, + 3 H, —» CH, + CO,)
(Annachhatre and Gheewala, 1996; Jiang et al.,
2016; Su et al., 2019). The control condition was
(0% and 100% activated sludge) applied to ob-
serve the formation of biogas to the organic load-
ing of SB to the system. Without activated sludge
(100% of SB solution), no biogas production was
obtained during 60 days observation. It indicated
that SB effectively eliminates the microorganism
growth and performed really well in preservation
(Birck et al., 2016) due to the bacteriostatic and
fungistatic properties (Yadav et al., 2016). It was
indicated that without the existence of activated
sludge, there is no biogas produced and the situa-
tion was opposite with the 100% activated sludge,
which produced the highest biogas out of all other
compositions (Esimbekova et al., 2017). At the
concentration of sludge of 12,000 mg/L (0% of
SB solution), the total accumulative biogas pro-
duced was 394.2 mL. System of 100% sludge
resulted the highest biogas production due to the

internal metabolism and long period degradation
to the system with content of mixed liquor vola-
tile suspended solid (MLVSS) and also remaining
glucose from sucrose at the acclimatization in the
solution would convert into the final product of
biogas (Fujihira et al., 2018).

Figure 2 indicated that the biogas produc-
tion was a function of the concentration of SB.
Increasing the SB concentration would suppress
the biogas production, as seen in Figure 2 (a, b,
and c), respectively. In the case of 100% of acti-
vated sludge it was indicated that the volume of
the biogas was the highest than other composi-
tion. Activated sludge was also degraded during
the anaerobic condition due to the decay of acti-
vated sludge in the endogenous respiration. Three
types of digestion sludge occurred in the anaero-
bic process (liquefaction of solids, digestion of
the soluble solids, and gas production) (Reynolds
and Richards, 1995; Kondusamy and Kalamd-
had, 2014). Without the SB solution, the highest
volume could be achieved because the activity of
SB involves eliminating the microorganism in the
sludge, decreasing the sludge and also reducing
the biogas production. For the first ten days, the
cumulative of biogas production the product of
biogas was high, while over 60 days it declined;
however, no flat line was achieved. This showed
that the degradation process had not finished yet
for the sludge.

At the MLSS of 9600 mg/L (80% volume of
MLSS), three types of SB concentrations (50,
100, and 200 mg/L) indicated the influence of the
SB concentration on the gas production. Increas-
ing the SB concentration also reduced the biogas
production (355.4, 342.2 and 321.0 mL) and the
reduction of the biogas production was approxi-
mately 8.3 — 23.9%. High concentration of SB
would result in a high reduction of biogas pro-
duction. It meant that the microorganism in the
activated sludge were able to degrade of SB as
substance that inhibits the growth of wide range
of bacteria (Zhang and Ma, 2013).

Meanwhile, at the MLSS of the 7200 mg/L
or 60 % volume of MLSS demonstrated a sig-
nificant impact to the biogas production rate.
The volume of biogas dropped from 355.4, 342.2
and 321.0 mL into 200.6, 159.8, and 130.2 mL.
In this composition, the interference of SB had
to be considered due to the reduction of biogas
of about 43.6%-59.4%. The effect of biogas pro-
duction rate reduction is proportional to the SB
concentration. It showed that the properties of SB
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as disinfectant had successfully suppressed the
microbe growth (Chen et al., 2019; Birck et al.,
2016; Yadav et al., 2016).

For the MLSS less than 7200 mg/L or 60%
volume MLSS (Figure 2) suggested not to be ap-
plied because the rate of biogas production was
small. The balance of SB and microbe in acti-
vated sludge was dominated by the SB solution.
Increasing the SB solution will prevent the activ-
ity of microbe involving degradation of the SB
substance; hence, the formation of the biogas will
also be reduced (Esimbekova et al., 2017).

Kinetic model of biogas production

The modified Gompertz equation was then
used to predict the biogas production obtained
from the experimental data (Budiyono et al., 2010).
The equation is nonlinear, the kinetic constants of
Gompertz equation (A, A, and p) were determined
by using non-linear regression and the value of
those constants were presented in Table 3.

The employed model of principal kinetic pat-
terns of biogas production under batch system
was a modified Gompertz equation. The kinetic
parameters obtained in the experiment are sum-
marized in Table 3. This model could predict
the biogas production, the validity model can be
checked based on the R? value (Li et al., 2018).
The values of R? of the modified Gompertz was
significantly high (p<0.05).

In order to evaluate the validity the model,
the constants obtained conducted to the relevant

equation and the biogas production; hence, the
results obtained from the experiments compared
with the model. As shown in the Figure 3, the
value of biogas production obtained from the ex-
periments and estimated by the models are close
to each other, because of highly signficant R* and
were greater than 95%.

The value of A of 12000 mg/L is the value,
amounting to 380.430 mL/mg MLSS. It can be
used as a control due to no SB action in the sys-
tem. The gas produced from the degradation of
endogenous process occurred in the system. Oth-
er compositions for various initial SB concentra-
tion indicated that the value of A depended on the
MLSS, increasing the MLSS would increase the
value of A. A significant reduction in the value
of A occurred from 7200 to 4800 mg/L MLSS
due to fewer microbes in the system (196.337 to
66.60, 155.800 to 66.00 and 128.200 to 54.00).
If the SB system is compared with the previous
model, cattle manure and water hyacinth (Patil
et al., 2012), the A value of the experiments was
lower than the previous results, the previous mod-
els indicated that gas formation took place with
the degradation of organic substance than deg-
radation of the endogenous in the batch system.
Manure contains lignocellulosic material that re-
quires a longer time for degradation to produce
gas and the gas will continue to produce when the
organic material in the manure was completely
degraded. However, there was no toxic material
in the manure that disturbed the microbe activity
to degrade organic material, while water hyacinth

Table 3. Comparison kinetic constants between this study and other studies

No '”i“"“('rng/’L‘;O”C' '\:'n'j/’f A(mL) M (mL) A (day) R? Authors
1 50 2400 48.856 7.894 0.012 0.987
4800 66.600 3.580 0.012 0.991
7200 196.337 13.206 0.012 0.991
9600 338.292 18.631 0.012 0.951
2 100 2400 37.400 4.300 4.020 0.987
4800 66.000 4.429 1.600 0.991
7200 155.800 8.075 1.800 0.989 This study
9600 330.400 16.007 1.300 0.951
3 200 2400 38.500 2.257 21 1
4800 54.000 3.347 2.040 1.000
7200 128.200 5.275 1.52 0.971
9600 308.400 14.569 0.130 0.955
0 12000 380.430 18.940 0.010 0.951
Cattle manure 418.260 9.490 4.460 - Budiyono et al.(2010)
Water Hyacinth 449.4 27.9 6.625 0.981 Patil et al. (2012)
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was a waste from livestock that was the same as
cattle manure (Syaichurrozi et al., 2013).

The results pertaining to the value of p in-
dicated that the greater the MLSS the greater
the value of p. The value of p indicated the
rate of biogas formation. The highest value was
achieved at the 12000 mg/L MLSS and amount-
ed to 18.940 mL, under the condition without
any SB. Decreasing MLSS or increasing the SB
resulted in a reduced value of p. Increasing the
quantity of SB would suppress the gas forma-
tion because fewer microbes were available in
the system. There was a significant reduction in
the value of p for the SB concentration of 100
and 200 mg/L. The value of p would dropped
sharply for MLSS of 9600 to 7200 mg/L. Lower
concentration of SB would interfere with the gas
formation to a lesser extent.

Mostly, the time required for growth rate of p
was 10 days. It can be predicted that the anaero-
bic process of SB degradation occurred 10 days
before the stationary growth of gas formation for
each series of experiment. The value of p played
an important role in the gas production, the high
value of p indicated that the gas formation was
higher, the degradation of organic substance was
also complete and resulted in high cumulative
volume of gas. The result of the experiments was
lower (for MLSS less than 7200 mg/L) and higher
(MLSS higher than 7200 mg/L) than the value of
p obtained from cattle manure that contains ligno-
cellulosic material taking longer time to degrade.
The p value of experiment was lower than for wa-
ter hyacinth because contain more organic mate-
rial and there was no material that interfere with
the microbe activity.

CONCLUSIONS

The study focused on the batch anaerobic di-
gestion of SB, especially on the MLSS concen-
tration that resists the effect of SB as a preser-
vative. At the end of the 60 days digestion time,
the resultant MLSS was higher than 7200 mg/L,
being able to overcome the effect of SB for the
initial concentration until 200 mg/L. The value of
kinetic constants of a modified Gompertz equa-
tion were highly significant based on the test of
R? with greater than 95% significant value. The
optimum biogas production was observed at the
first 10 days digestion time.
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